We prepared a bacterial suspension of E. coli using physiological saline as its dispersion medium.
Placing the suspension in quartz tubes, ultraviolet irradiation was applied to determine 50 % survival time.
The survival time thus determined was found to differ considerably from the one determined by plate method in which the same bacterial suspension was used5). Thus, our attention was directed to the broth which was the chief component of the agar plate. A bacterial suspension was prepared using the broth as its dispersion medium.
Upon investigation the survival curve and the biological characters of the survival bacteria after irradiation made on this suspension, extremely interesting facts were observed. When physiological saline was used as dispersion medium in our experiments, an irreversible coagulation took place immediately and completely as the result of the strong energy of irradiation, namely, the absorption of photons by micell, whereas, when broth was used as dispersion medium, the influence of ultraviolet irradiation being weakened, a reversible coagulation followed. This coagulation is that of the living colloid which includes bacterial membrane as stated by Downes and Blunt. Coagulation is the concentration protein micells and this coagulation will invite the death of bacterial cells. Further, Bancroft13) classified this coagulation into two different types of reversible coagulation and irreversible coagulation (the authors are of the opinion that, strictly speaking, there should not be two types of coagulation colloid-chemically and this reversible coagulation should be called as coaservation).
Mond's theory and Addom's reversibility would easily be understood by the above explanation. Therefore , we can not consider this bactericidal activity of ultraviolet irradiation is due to the generation of hyprogen peroxide.
The survival curve after irradiation of 30 minutes showed a remarkable increase and thereafter decreased gradually. This decreasing curve resembled very much to that of the saline suspension, however, there was a difference in the tangent between those two curves.
If the influence of ultraviolet irradiation on the broth was remarkable such survival curve could not be expected from the broth suspension.
Bancroft et al have observed a similar reversible coagulation took place in the yeast treated with same disinfectants. In addition, we14) proved on the fish body (Salanx microdum, Bleeker) that this coagulation appeared first on the cellular surface as the result of the use of disinfectants or aneasthetica .
Similar appearance of coagulation was also observed in the changes of the stainability of irradiated organisms.
Changes produced by irradiation in the electric charge of micells will develop the diminution of the distance between two micells resulting in the disturbance of their arrangement on the inner surface of the cells (hydrophilic colloid) and it is considered that a part of the excessive energy thus produces will change into the growth energy. The survival curve observed after 10 minutes of irradiation in Experiment 2 can be explained by the above mentioned explanation. When this explanation is done by using Coulom's equation , it will be as follows : As increase in the electric charge a will cause the diminution of the distance r resulting in the increase of the potential energy F. When the dielectric constant D of the dispersion medium is minimized by irradiation, the potential energy F will still be increased.
The potential energy at this period, however, does not show any significant difference, so that, there appears an excess of the energy which will become the growth energy. It appears,
further, that there exists a correlation between the amount of this excessive energy and the rise in the survival curve.
The above mentioned is the theoretical explanation of Arndt-Schultz law in which weak stimuli are given on the growth promoting stage (Bancroft) .
In several experiments, the peak of this survival curve were found in the range of 10-30 minutes irradiation. Studies are undergoing, therefore, on the relation between the above mentioned excess energy and the promotion of bacterial growth by using purely chemical substances which absorb the ultraviolet portion of the spectrum.
In experiments made with another broth, further, are remarkable decrease in the survival rate, as seen after 30 minutes irradiation, was observed after the above mentioned promotion of bacterial growth.
This decrease may due to the disposal of the too old and juvenile cells by irradiation.
Even on this stage, as shown clearly in Figs 3 and 4, the prilof eration of the irradiated cells was highly promoted.
Luckiesh15) has denied the presence of ultraviolet resistant organisms. But his irradiation was made on each successive transfer, so that, so far as the coagulation remained to be reversible it was quite natural that he failed to observe resistant organisms.
On the contrary, we could evidently observe the proliferation of weakly ultraviolet-resistant organisms after irradiation continued for 45 minutes.
Similar curve of the decrease in the survival rate observed before 2.5 minutes and the following increase up to 10 minutes of irradiation in Experiment 2 may suggest an increase in the number of ultraviolet-resistant organisms, but as there was not a single instance of the survival curve which showed a decrease before reaching its maximum, this particular increase in the survival percent is considered to be due to some other cause. Our theory of disinfectant mentioned above can also be applied for the explanation of physiological influences. The change produced in the potential energy of micell, in other words, either the change in D or e by those agents will result in the inhibition or the killing of the organisms depending on the extent of this charge, namely, whether it is within the range of reversible or not. When the change produced in the potential energy of micell is extremely slight, however, the change will act as the growth promoting stimuli (ArndtSchultz Law).
For bactericidal purpose, it is necessary to cause the irreversible change which is so called a practical dilution in the case of disinfectants. The toxic
